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(54) METHOD FOR MANUFACTURING LENS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a lens by which the surface roughness 
produced on the machined face can be improved. 
SOLUTION: In the method for manufacturing a lens, the 
surface of a lens base body is machined with a ultra- 
precision lathe and a transparent thin film is formed on 
the obtained machined surface to improve the maximum 
height P-V to <0.04 fl m. The thin film consists of an ^ | 
organic silicon compound expressed by general formula 
(I): R1aSi(OR2)4-a or its hydrolyzed composition and &fj^ 
metal oxide fine particles. In formula (I), each of R1 and 
R2 is independently an alkyl group, aryl group, epoxy 
group, methacryloxy group, glycidoxy group or amino 
group and a is an integer 0 to 2. 
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(57) [58ft] (ftlEW ) 

[ mm ] • i»DXBk:3i d s*iBffla©»*&«iat&& 

i£§ p-v£ 0 .04m mWT{cHJc«-r ^-^Sj-r ab -pt, HUlBS 

KaJTffiHSsS (I) : 

R 1 a S i (OR 2 )«-.•••( I ) 

(r 1 R£>'R 2 {*^n-eti?ifei£(cT^+^s. 
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^ OOi 

> fl 

-OJD2 



C2) 



fll § P-V% 0.04 m mWT (CBfc#T SCi *W$. i T * U > 

[ff*^ 2 ] 11*11 1 (C|3«&© b>XMi»:fr&K:*5<<> 
T, BfriB^McDMW^o.l-lOMmCc-r^Ci^^t 

[»*JB4 ] 1 ~3 ©l>rftJ&»«:f2iB©l'>X 

^eSiCOR 2 )*-,. • • • CD 

s -/at***-. */c a« o ~ 2 onRvft'S. ) 

* 6fc & t "T S U >XM 

jfcfrffi. 20 

[M$gi 6 ] n&m 5 Kffitt© u- > x«#ffifcfc 

*«»3 p-v=£o.o2 iAd&rFK3MW * c t 
iTSU^XKaDSFSe. 

C 7 ] M#9l 5 X tt 6 KIBtt© \y > XMjg^ffi 

JK^0.5~20#ra"C500~3000rpm^±lfT 1 ~30#IhHS 
ST§Ci «M£ T 5 U >XM#& 30 
[1R3S98] »^5~7 5Ci3iS©P>X$St^«c 

©®fb«#Hff^v«K#o.i~60««%, *r3ttflf*J 
0.1~500Pa- sT?**C4*1S»i-j-*U>^RJi* 

So 

[»SOttll«:M9i] 
[000 1 ] 

[000 2] 40 

# 5 si^iaojpx^^t?* <o . c©ci #£j8tt©{5 

< ©JD^^r^Stl^WT&^Hl^XttX^ 
is. 

[0003] S£*#ft*ffib >X©SSI«, -MW«C#5 50 
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x k u >x. w&mmm u>x 
xy*s^<ffl^6nru5o u*»u uxy#$re 

[0 004] *©fc» 4 3B^WBU»nx««<ojt*K:ff 

b > XKM^ffl^l^Jnx^fc j: ij g&tRftihix 

Sa»DS^fcJ:9jiinXHfflffi©iajJL SfclcflEDSffl© 
®KI#££H ffiffiXRO'n X h ±<0WH* 6 

W©J U > X©3£fflfl:#satA/Cl » & . 

[0005] hfrhtzifih* mmxm\*M-ztvtc& 
<d<d. ^•rufei« n a a fift^ffl3ft©b>x > m«— » 

6n-r. ^©ii^iML^-^-^^^iteB, 

^^Tt?©U->X^H©^Pfi«:*jWStfeSU S*t# 

[0006] seoT, *»w©eww. ^pimxsk:* 
d s^fflfflK©^#^"5jtift u >x»a6^j£*a«w* 

[0 00 7 ] 

fiMSft. *»iji#6i4. ®»®j!S^»jnxu;fcU'> 

S©^f^Ss?>?» C i iC j: 9 . JJEMHSlWiftr 5 C i 
[000 8] -rftfe%> 2^888© U>X«. U>X»M 

^iBffl^^^-c^iijjnx u » 6 nytjaxwtc^Bjfts 

[0 00 9 ] affiffiK©?5C«^J*Rt>WJl©iftf^tt^© 

,#>6»> ?iii©MJitto.i~ioMtiiic^s c turn s i/ 

< , ttcMUMt islsXmi i©ja*T^M*Jo.05^Tt?* 
7j<^a^i^M^fc'a^i-T-<!:*6ftS c ■ *: 

[oo i o ] giM«^t*>3" bmtc£<oBmT 

Xt>3- hB#«C % @KaS*0.5~2O#raX'50O~300O 

rpm^XOf r 1 ~ 30#H«f#-T 5 C i J b < . 

K3 - b«ia«fll^©BMfc««aiSJ^«EE* 0.1-60 

t». 

[0 0 1 1 ] 

imxomm<mm *^©u>x»^», ^> 
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[opi2] [i] mms-nm 

u v xmu(Dumtmc mn s n-r , x x » ? x 

SWibr« v xf<y ^ji/^f £ # y U— F £ -r & 

y * ? y u-h»i}jm, * y t> \s % >*»n. # y 

zK*- F mmm, T f 'JU-h JSfifBl^ # y xx tvUS io 

[0 0 13] m&mz. ±i3b>XSM^WBIJ-rS© 
&c+#&M&^M£W LT k> S & . ^JilJ 
flOIic <£ 0 U> XMtfOS:*:® S P-v£o. 2 y mUTFv # 

icp.iMmJWTic-ra c t-hmiz Wzm £ p-v#so. 
lum^m^ht. mm*5&f&i>x$>. mmxicj:z>m 

•ttlf»i:^-.;*RI8tlrtFfc*Jt»Tr 4 rffcfaggp-vj tcte 
Tp-VJ ttpeak tovaTey^SlU JIS B0601, JIS B 

P-VJ «±IB*Sic J: 9^§ti«£*3l0mn© 

[0014] [2] «»J&I» 

fcHt so u > x»*f <t ©aw momm . os&CFtc & -5 J: 5 

(Cffl^OAW* K, l> < Wo.03j^T-C*S= 

S/cSUcDJHJltto.i-io/ini (¥*9*3) *W*L-.<\ 
<£W$L<«0.1~5 MtibS. «l/l*S0.lMmJ;9» 30 

[ o 015 ] tAmmzm^&um 
CD A-Fa- httj&& 

*P7jc^»^Ca-l)XW^«Wt«}fliCa-2), (b) 
Mb«m-?=&$t?^- F3- Fi|El&f3»$c£P>X*^ 

[0016 ] ^St4RO'Mf4=iX HD,A>f.f«f(i: 

wfliADW^w^b^j^w* tA>„ &tc. ^<m% 

[ 0 0 l 7 ] *fc. Wbffima^ffiSWb^BWtu 
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[0018] ca-D mmf-tmit^m 

R\Si(OR 2 ),. 0 • • • (i) 

mztih $><Dmm r 1 i~ 7 ®iti > 

R 2 »^^ l~6(Z)MlT*5CiWS LlK 
[001 9 ] _hiaw^^^*{b-^ji b-Cy TI2C-f)~ 

7~ h v T A 3 * i-- v > t b X it v * * )l is V -tr - > , 
X^Jl/^y er— >, n-7'P tVPi";-^ — >, iso-7"Ot' 
)VU y -ir- > v n c/f-^^ y dr— h v sec-^f-Jl'^y -Jr 

[0 020] C D ) h 'J TJl^iyiy^ l/Rtf hV?*.s 
h 'J TJl^^^ >RO* h 'J 7 3i y > £ L/T 

5*. ^^-^ h yy h^^e>^>, yi[-^» 
^ h y r-fe h=r-^>^>. hyy i> + 

^ ^ y Xtjr^isy'xi b - ;i/ h y h^^s>^>, r-T 
5 ^ 7'n b yx r _y^^ yji/^-+ 

isy'utzjl h'J^ h^^>5>> ^y^F+^^JUh 
y^ ['=r-^^v>, ^y^> F+w^juh y x 

^y^F^-^x^ h yx h^->^->>, /s-^y^F 
h y ^ f^^^>> % iS-^y^- F^s/xg 1 
yih^»7> ( a-^y-> F+^^ah'jp F y 
h+^^-5->, a -if y F+^a fc';b h y x F ^ 
^^v>. F=^ 7*a b";i/ !- yy F+->^>v 

^ y F+^7 - nb> f yy f =t-^v>. r-^y 
F^^ntvuF yx r-^ys-'F*^ 
7'o tvi/ F y 7'P?j<^^^^ r-^y ^> F*->7'n 
tvi/ f y ^h=r->">5 r-^y f+^^p tvb f 

a-^y ~> F+^y^l/ F y x F+>">5 
>> /3-^y-> F+i>^;U F y ^F+^7>, : (8-^ 

y ~> F^is-fm f y x f ^->^^>. T-^y ^ f+ 
Fy^F^^^ T-^y^F^^ 

h yiF^>7>, (3. 4-X3j<^^i/^D-%^^ 

;u) ^g 1 ^ F y ^ F*^^5>, (3, 4-x^^^ 
a'sti/^) h yx F+^>7>, i8-(3, 4-x 
#*uzst> u^*^)\/) jt?)i> f yy F=^>s^>, (S 



5 

-(3, 9 F 'Jx h^Sx 

>^>> (6- (3. jt^frY 

V7U#*rl/*S7>> fi- (3, 4-X*t'>^fO^«y 

y^jb F y ^h+^>^>: (3- (3, 4-x^-=r->i> 
^p-n^s^/I') ^^•;b>y7*-/+5/i'5> 4 r- (3, 
4-xjj<3 i s^'£pM i £'.>l') r^n bVU MJ ^ 
> % r- (3, 4-x^+^^^n^+->;i') :/PbVbFy 

[0 0 2 1 ] (a) ^T^3*^>^>RCX^7 x y^-> 10 

V>J3~)i> F 'JT-fe F^i-'J""^, yyf^T'ht 
i^>^>. ^x^;l>i?T-fe N+^^v>> yi^T 1 

'J^h'+Wf^h^^?^ a-^'J^F^t' 20 
^^;l/SPx a-i";^ K^x^jUS^f 

>, g-^y^F+^x^Jl/S^f F*^>5>, tf-'/y 
•>F+^x^j:F^>'>7>, a-^y ~> F+^7' 
a bVI/S^y F a-^ U F ^>7*P b'Jl^ 

ih^»7^ & -if V ts F^r^ya \z>v%>* b 

r-^y^ F+^^ptvi/i?^ f*^>^x t-^u^ 

F^>7'a b;i/5>x F ^i-"5>, r-^U ^ F+^7" 
p b;t/>5 :/P 2^ ^ > . t 'J F * ->7'n b;l/ 

f+~> s >-5>» r-^y ^ v^is-fu&hyy *s 

>, a-^y^F+^^Ji^x f+s^>5>, /s-^y 
s/F^r/^i-yy f*^'>v>> fl-^y^F*^:/ 
g^jl/^x F^^^>« r y ^ F + ty^^Jli^s. F 

> s «-(3, ^x^+^i'n^^i') ^f-jL-^F 

a- (3, 4-x^*^i^S>'^P'\+^';l') 
^iF^V^'y, |S- (3, 4_i^^vs/^p--s^i/ 
)l) jt^JWJJ Y^isis^Zs. (S- (3, 4-X^^>^ 
P^^V) ^^7U^X F^^-^^>. (3- (3, 4-X# 
^i^^'i'P-^+^Jl') ji^-^V'mir-^^'yy, ■ &- 
(3, 4-X#+^^^ P-^^^b) ^ g^I/^?* F 
v>> 8- (3, 4-X#+^'^'i ; 'P-^+^'-'l') 

r-(3, ^x^S/S^p-M^-tH 
r/O \ZfcV>* Y^l/is^l;. r- (3, 4-x^^^^^p 
^^>.rl>) 7'P bVl/t?x F >3$ffift $ ± 

[ 0 0 2 2 ] «§^*4b^tt, MtSS^T 
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r <fc < , ^mcm<Dmm=&mmh-cm^?> ct^sj 

[002 3] Ca-2) SIWMMI 

Wit«, 3R^U3-> <#) « ruvHdioxj 4 ruvHc 

8558j mzm-f&ztw-csz. 
[ o o 2 4 ] oo mmimmm- 

>^«§?S{cML/TSfl^)S^b«^*m»p-r^ c 

^WH^fcWWKT-ib-Ctt, Si0 2 , Zr 
30 Oi, Al-Oj, VWi, ZnO. Tia^ Sna. Bea Sbja> Sb 
, ft , Ta, 0. Y, 0 3 . Yb z 0, »«^iWt«f©"=f O IT FMffi 

^ij*, i^^-^aa-fWi/'J*, -fV7"P 
b'Jl/TJUa-^fjn P ^Ol/^ y ^-Jl/?>f£ 

r;l/=i-^i(T>5 1 *>VJl/^©c|3^6— 

i*r«etJb»it»-*.- #5c, mwffl&ft±:<Dt£®mm 
ziua *f)hfv xmis v i\ =t p a tffru 

1 ~100nm©-> y *t*tt : f-. J: 0 *6F* ^ < ttfftSl ~50n 
40 m©-> y *M4 : f ; &T^a-^(C^iJjS-a'fcfe©5!)5» 

©Wiifttt. ^ f{t^i i offittt * tit * . 
[0025] imm\mwm-u, mm^^mit^mx 

oo~4oomagi5^tti-rs c <t*3 j; ») * 
[0 026] co mitm 

/wFn- FfflJjS^?K©Wb(c*fc iTtt, v isXm 
Uic^- Fa- FiflfiKtl^^^bfcffe, IgMRO'/ 
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[oo 2 7 3 §g<f iits. ^m^^mmmitm 

K TJUS-^AfXx^^T-fe F*- K TJl/3 10 
.i')A-y-o-yh+-> F-t^xgMl/T-fzh*- h^©cf 

jR#3E©&fr**it u r ase-r & . 

[0 0 2 8] WfcJWtt, *«er^3Rfb^»X»*©JD* 

ftmm<Dmiwm&mmt±<msMKi$ o . o . oi~io 

5S«g|J-C&-5. 

[0 0 2 9] ±g2Ca)-CO{C*n^ % HtcmKRRjRJn^ 

BMblWjldW^oasftifciill-c**. 20 
[003 0 3^— Fa- f- OJAfriSKa. ±12 (a)~ (c) 

(o^mmimimwmB^wmx o . i~~ emm.% te & -s 
<fc -5 a - ^©^mf? ofct»o*ffli»sc4*i 

[0031] (2) mm&mxm 

f^;7'3-l-S, ^ 7' b -^©fifcKKfrifcfr €> 

aocwwse t#-c*3. jjM<PBV»f£.(c^tcff 

ft. if^5^a>^-$ , -r'©Ji/lfiWBj^T'*«9, 30 

3 &:fcjra©*fcWgt*J&,«-T?fr b'>a- 

* tA\, ft*i % ^~ F3- hifflj»^£^TSir 

[0 0 3 2] X fc'> a -h &©*§£-. F.3rr->»* 

0.5~20#Par500-3000rpm(C±^r 1 ~30#P^^T 
&©#$?* 0U o 40 

[o o 3 3 ] mmmmmoorpn&imt> mw&w< ft 

*) ji »Bi©|gi«$lfflWft < ft SitoWfrS 0 < ft 
&&W*3000rpn$I-e&ft«!, HJf^pK ft ?) jfi^ 

■c^jBUJPXfcfc *g i * g©»*3S£tcS* ■set **r # 
?\ iww***».<.«c*fcaMif«L'<-ai,>.--». *ni 

[0034] :*yfc. wv- Fa- h fi^^^©ll^?l 
S«0.1~500Pa • sfcf3iSbfc?g?g£ffll,>& C btmm 50 
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- Fa- h m&^w&comimwiwmBfri&mio.-im 
mvo^mt mmm®tm& & wmmmmzmz. ft 
«^^nj»^©««E.o^*sii-r©^r*ft< , mmtim 

im&.i>M < ft s i i i^icmstmrntmic < < 

J: ?)0S b< «0.5~50*S%-C^>€> 0 f£ffi&0.1~500P 

a - siLfcOtt, «M©l«»^*&-{bJ&5^ift6/c 

fe-CibS. i0*f*L/<{* > 1 ~200Pa :• s-C*^> 0 
[0 03 5]-^, ffiflHj&Sffl^T'. *o 

BMoimmmmtiTi, > h „ mb. skl.>x»#©w 

ffifclgP^JiSSft-S. f*m*15~25°C, 20~40%RHOC 
fcli-C, mrnXUtclsyX*^- Fa- h«tE»6t v 
10-500tnm/niinr^|#±lf§©*W^bt\ lOran/min* 

mtctmm^^iz^ < ft .afca&» * t < fti>. ssfcso 

0mm/minfB/c4MeA^< ft Oift**fc«Mf * K ft 

[0 03 6 3 H^?iKJ&S^b«^#T'0.1~60 
SM% V :*^©ttK«0.1~500Pa • siefHSLfc^- 
F a - F*^i^%ffl t, »SCiKJ:!3, *HfflK©35c 

[ 0 0 3 7 ] (3) «B<feSffi 

^»Siyf * n ©AMcajmrfcffl t,^«#K , ±a$© x 

bya-FSXBT 5 ^ »^|&CJ:Q/n- Fa- Fifigttl 
^^.Ul^-^SWtCJteW*.- 80~150°CT? 1 ~3 B#W51 
fb3-&S©*«p*bl>. cfc0»^L<tt > 90~120°C-C 

[00383 ttwiuii bxmmsmitmm^m^tcm 
Sicix. ^- Fa- bmmm®m*-m;&, asK^m^ 
> ^ xmi b ^ # c i #-c # a . 

[0 0 3 9 3 CB) M^liSt^^ 
CD ft 14 

^WK«tt©iKl»*lfM»*W*L/< . «ptcAWX«¥ 

•5*iRS6.tl-S^, Alj0 3 , YjOi, Yli0 3 , TajO^ Zr0 2k Si 
0. SiO*. Si0 2 -AU0, % SiC^-YjQa, SiQ, -Ybj 0 3 . TiO 

c o o 4 o 3 C2) mwmmism 
±M9>mm%m^x-g@mMm, j*yyu~7-i> 

£ k> n c t am * b i, >. MffiSKfes^r*©^ e> t* 
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[0 04 1 1 mmm&<Dm&, mmmnm^mm,^, 

1 ~ 5 X ior 5 tor KDflF i Ut> Sip, ^©l;*i#f4£ 
200"C tii^xWntmZh-c^c. 

[0 0 4 2 ] -f ?V >:?!£©*§■£. : 

1~5 Xio- s torrtC-rSCDj5^f$ LA*. 4 * >«*JB»r> 
t, B?IB#H«,Tt?tl5SMEio~iooov. JDii^l—s 
00tnA<D^#-C. 3*>© A * > tr- AS 1~ 5 #fflPS 
Itf 3©;W*bt,>,, 
[0 04 3] t"3?S.e>VNpy>fc-^<Dfiffi 

st*fflt»r«W*JtKU<c* 1 6siCk*«:BMSKb't:ia:» 
n. u^xattBctfjrrs. 

[0044] ft*s. CA)^M^fcl£^t<fc&SK0f&© 
Jb3ffiCB)©^ffi*fflt>Ti««±«:5e«:S*H»±ai* 
JBJ&T* C <t «Jt&T*S. 
[0 04 5] 

[0046] ggggjl 
CI) ^HU>X©fRR 

Pffi40mra(DifiM4< 'J * $Z")l>-~hl' >X£@tf 

1.49. jyTWM^^®^>X£(,>5) „ C©PM*#&M 
^ > X(D*^1S S P-V«0 . 05 m m-cab -o tc. 

C2) ^- pa- \-mmmmm<Dmm 

■V±mwmWi^ W V Xtt CAT JW3 ->V60«fi8Pv h- 
200M8IS (@Jfcfrfltg20MS%> Wf£&15nm) 

±$©PWW#»rI ^ > X*jffl^-«^{CT^ b . 13M 
btc^- Fa- FiMi4Xfc">a- hft F 



#182 0 0 2- 1 82 0 1 1 
10 

3 - f- Mmmmm* 5 missr t > mKBa^ 2o©p^-cio 

OOrpmg tfitft XftPm&W ) {C <fc 9 JfeMfct ; 90°CT- 2 
B#|StfWfc3-&fc. ■ J|g^3*l^il©¥J«R»B0. l 8MR- 
mjW-<DMMi%&LlZ0 . 002 m m. P-VttO.02 m nu & 

CWB'Jr*t*l.'4i9fT?* "3 fco P-V07"n 7 7 -fMIl ic 

[0047] mum 2 

>X£jfi#^mcT&&U fB*L^- F=J- rffi 
J$W§?£jC23°C/30% RHitte^TMl L . 100mm/minT- 
5lt±tfT^U, 90T!-C2RflBIWft31±fc. JBJSSih. 
fcWJK®3|y&iWH:o.aMm. M»©«*isMtto.oo2ju 

m, *^fltSP-Vl*0.02Mnu Rt>'JS*f^t*1.49f&-o 

fco P-V© 7°& 7 y A )l>%m 2 tc^-r „ 
[0 04 8] ^feglJ3 

uss^ i ci)<tiiiai{cf^MofcPM^^ffiU'>x%®i : 
fc„ jgfissnfciwiowiwwsi am. mmonmm 

^«0.009Mm, *>^lK3P-Vtt0.04Mra. RCf«BJf*»l. 

45-e* o /c„ p-v©7'n 7 r fr%m 3 K^f o 

[0049] mamu 

fltW©WHfiK»*0.009Mm» «^WSP-V«0.04Mm > & 

0*ffl#r^«i.45T'& fc D P-V© 7"n7r-f Jl>%B 4 K 

[0050] mmms 

TuvHoioxj (ym^ a -> (*^) m> loosaas^ 

C ©@?S©ifAKB70Pa • St?* r> /c. 

<2) wmmm 

$mm i <t Hfiwcf^K u pw*fi#^ffi i/ > x *s^?68fe 

HMC-CtJfe-^, JJ B>v- Fa— b ffl^fj^^X f > 3 
- hi* C>v- Fa- hJflfi^J^MSS mliSTU EHtei 
ffii&2O#M-C1500rpraS-Ci:tf-r 5#[S^) K <£ 9^ 

£e«0.006/in. ft^W§P-V«0.02Mm, RtfflWr*»l. 
52T?S)-3/Co P-VCXD^T^^^StC^T^ 
[0 05 1 ] ^jS^!|6 

(1) "~ Fa- h^afiStl^©^ 

TUVHC8558J (3RS^ya-> (#) K) ioo«ag|5tc 
y Xp f;bT;Ua-;V60Sa§|5 v n-X^-^T^a-ji/ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]A lens manufacturing method making a transparent thin film form in a cutting side 
acquired by cutting a lens base material surface with an ultraprecise engine lathe, and 
improving maximum height P-V to 0.04 micrometer or less. 

[Claim 2]A lens manufacturing method thickness of said thin film being 0.1-10 micrometers 
in the lens manufacturing method according to claim 1. 

[Claim 3]A lens manufacturing method characterized by refractive index difference of said 
thin film and a lens substrate being 0.05 or less in the lens manufacturing method according 
to claim 1 or 2. 

[Claim 4]in the lens manufacturing method according to any one of claims 1 to 3 -- said thin 

12 12 

film — Following general formula (l):R Si(OR ) ... (I) (R and R — respectively - 

a 4~a 

independent - an alkyl group.) An allyl group, an epoxy group, a methacryloxy-group, a 
glycidoxy group, or an amino group is expressed, a is an integer of 0-2. A lens 
manufacturing method consisting of an organic silicon compound expressed or its 
hydrolysis constituent, and a metal oxide particle. 

[Claim 5]A lens manufacturing method forming said thin film with a spin coat method in the 
lens manufacturing method according to any one of claims 1 to 4. 

[Claim 6]A lens manufacturing method improving maximum height P-V to 0.02 micrometer 
or less in the lens manufacturing method according to claim 5. 

[Claim 7]A lens manufacturing method, wherein a spin rotation condition at the time of a 
spin coat gathers revolving speed to 500-3000 rpm and holds it for 1 to 30 seconds in 0.5 to 
20 seconds in the lens manufacturing method according to claim 5 or 6 [Claim 8]A lens 
manufacturing method characterized by oxide conversion solids concentration of a hard 
court constituent solution at the time of said spin coat being 0.1 to 60 % of the weight, and 
viscosity being 0.1-500Paands in the lens manufacturing method according to claim 5 to 7. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the lens manufacturing method which can 

improve the surface roughness produced in a cutting side. 

[0002] 

[Description of the Prior Art]ln order to produce an optical glass lens with complicated 
shape, it needs prolonged to be processed in connection with finishing, and this has 
become the lowness of productivity, and a factor of the high cost. On the other hand, if 
plastic material is used, shaping is easy, and productivity is good and excellent also in cost. 
As for especially the aspheric surface lens that has the capability for the aberration of many 
including a spherical aberration to be removable, it is desirable to use the goodness of the 
moldability which plastic material has. 

[0003]Many replica methods with which manufacture of an aspheric surface lens transfers 
conventionally die shape which is generally looked at by a glass mold lens, a composite- 
ized aspheric surface lens, and the plastic injection molding lens are used. However, in the 
replica method, manufacture of the metallic mold in consideration of thermal change or the 
shape change by cure shrinkage is difficult, and the difficulty of the correspondence to a 
small-quantity various kind poses a problem. 

[0004]Therefore, with progress of a cutting machine machine in recent years, a lens base 
material surface is directly machined by engine-lathe processing etc., and the method of 
obtaining complicated optical surface shape including an aspheric surface lens is being put 
in practical use. By engine-lathe processing, improvement in processed surface relative 
roughness and also shortening of floor to floor time are especially being realized by the 
appearance of an ultraprecise engine lathe, and utilization of the grinding lens is 
progressing from both sides on accuracy and cost. 

[0005]Although the cutting side was improved, however, the lens of a not necessarily high- 
definition optical application, For example, still sufficient surface accuracy is not acquired to 
the object for single lens reflex camera interchangeable lenses, etc., but the length eye of 
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the repeated pattern of an edged tool often generates dispersion in the defect of the lens 
surface under a specific condition, reflection, etc., and still poses a problem of use. 
Although it seems that this problem improves towards the future by the improved efficiency 
of a processing machine, it is not thoroughly avoided on a processing principle. 
[0006]Therefore, the purpose of this invention is to provide the lens manufacturing method 
which can improve the surface roughness produced in a cutting side. 
[0007] 

[Means for Solving the Problem]ln view of an aforementioned problem, wholeheartedly, by 
making a thin film form in the surface of a lens substrate cut with an ultraprecise engine 
lathe, and filling a slot of a length eye by cutting, this invention persons found out that the 
above-mentioned problem was solvable, and thought out to this invention as a result of 
research. 

[0008]That is, a lens of this invention makes a transparent thin film form in a processed 
surface obtained by cutting a lens substrate with an ultraprecise engine lathe, and improves 
maximum height P-V to 0.04 micrometer or less. 

[0009]From points, such as an improvement effect of surface roughness, and the 
endurance of a thin film. As for thickness of a thin film, it is preferred to use 0.1-10 
micrometers, and it is preferred that refractive index difference of a thin film and a lens 
substrate is 0.05 or less, and, as for a thin film, it is preferred to consist of an organic silicon 
compound or its hydrolysis constituent, and a metal oxide particle. 
[0010]As for a thin film, forming with a spin coat method is preferred. It is preferred to 
gather revolving speed to 500-3000 rpm, and to hold it for 1 to 30 seconds in 0.5 to 20 
seconds, at the time of a spin coat, in order to equalize thickness distribution, It is preferred 
to carry out oxide conversion solids concentration of a hard court constituent solution to 0.1 
to 60% of the weight, and to make viscosity into 0.1 - 500 Pa-s. 
[0011] 

[Embodiment of the Invention]The lens manufacturing method of this invention consists of 
the cutting process and film formation process of a lens substrate. Each process is 
explained in detail below. 

[0012][1] ********** cuts a lens substrate more nearly first using an ultraprecise engine lathe. 
Although the material in particular of a lens substrate is not limited but it consists of any of 
glass or a plastic, a cost aspect to processability and a plastics base material are preferred. 
As a plastics base material, methacrylate system resin including polymethylmethacrylate, 
polyurethane system resin, polycarbonate system resin, acrylate system resin, polyester 
system resin, etc. are mentioned. 

[0013]What has sufficient hardness and intensity to cut the above-mentioned lens substrate 
is used for a cutting tool. It is preferred that 0.2 micrometer or less of maximum height P-V 
of a lens substrate shall be especially 0.1 micrometer or less by cutting. If maximum height 
P-V exceeds 0.2 micrometer, even if it forms a thin film, since it becomes difficult to fill the 
slot of the length eye by cutting uniformly, it is not desirable. In Description of this 
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application, "P-V" in "maximum height P-V" expresses peak tovalley, Meaning the surface 
roughness measured based on JIS B0601 and JIS B0605 grade, "maximum height P-V" 
expresses the maximum height in surface roughness data with a measurement length of 10 
mm measured by the described method. 

[0014][2] Form a film formation process thin film by the method of using the (A) solution, or 
the method of making it vapor-deposit in the (B) vacuum. Since it is so desirable that the 
refractive index difference of a lens substrate and a thin film is small, the charge of thin film 
material is 0.01 or less preferably [ choosing so that the difference of a refractive index with 
a lens substrate may become 0.05 or less, when a thin film is formed ], and more 
preferably. As for the thickness of a thin film, 0.1-10 micrometers (average thickness) are 
preferred, and it is 0.1-5 micrometers more preferably. If thicker [ when thickness is thinner 
than 0.1 micrometer, there are few effects of a surface roughness improvement, and ] than 
10 micrometers, it will become easy to generate a crack. In Description of this application, 
"average thickness" is the value calculated using the value measured with the 
spectrophotometer. 

[0015](A) The thin film of method (1) hard court constituent this invention which uses a 
solution, (a) An organic silicon compound and/or its hydrolyzate (a-1), or ultraviolet curing 
resin (a-2), (b) After applying to a lens surface the hard court constituent solution containing 
a metal oxide particle, it is preferred to be formed in the resin curing layer produced by 
stiffening by desiccation or heating, UV irradiation, etc. 

[0016]An organic silicon compound is more preferred than the point of material cost to 
workability and ultraviolet curing resin. If in charge of the selection, it is preferred to take 
into consideration affinity with a metal oxide particle, etc. in consideration of thin film 
physical properties, such as a target refractive index at the time of thin film forming and 
hardness. 

[0017]The (c) hardening agent may be added to a hard court constituent for the purpose of 
the promotion of hardening, and cold cure. 

[0018](a-1) an organic silicon compound organic silicon compound - General formula 
(l):R 1 Si(OR 2 ) A ... (I) (R 1 and R 2 - respectively - independent - an alkyl group.) An allyl 
group, an epoxy group, a methacryloxy-group, a glycidoxy group, or an amino group is 
expressed, a is an integer of 0-2. What is expressed is preferred. As for R 1 , it is preferred 

2 

that it is a substituent of the carbon numbers 1-7, and R is a substituent of the carbon 
numbers 1-6. 

[0019]As the above-mentioned organic silicon compound, a compound as shown in the 
following (b)- nis mentioned. 

(b) As tetra alkoxysilane tetra alkoxysilane, methylsilicate, ethyl silicate, n-propylsilicate, iso- 
propylsilicate, n-butylsilicate, sec-butylsilicate, ter-butylsilicate, etc. are preferred. The 
above-mentioned organic silicon compound may be used independently, and may use two 
or more sorts together. 
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[0020]n As trialkoxysilane, triphenoxysilane trialkoxysilane, and triphenoxysilane, Methyl 
trimetoxysilane, methyl triethoxysilane, methyltriacetoxysilane, MECHIRUTORI 
butoxysilane, ethyl triacetoxysilane, ECHIRUTORI butoxysilane, Ethyltriethoxysilane, 
vinyltrimetoxysilane, vinyltriethoxysilane, Vinyltriacetoxysilane, phenyltrimethoxysilane, 
gamma-methacryloxypropyltrimethoxysilane, gamma-aminopropyl triethoxysilane, gamma- 
methacryloxypropyltrimethoxysilane, Glycidoxymethyltrimetoxysilane, glycidoxy methyl 
triethoxysilane, alpha-glycidoxy ethyl trimethoxy silane, alpha-glycidoxy ethyl triethoxy 
silane, beta-glycidoxy ethyl trimethoxy silane, beta-glycidoxy ethyl triethoxy silane, alpha- 
glycidoxy propyltrimethoxysilane, alpha-glycidoxy propyltriethoxysilane, beta-glycidoxy 
propyltrimethoxysilane, beta-glycidoxy propyltriethoxysilane, gamma- 
glycidoxypropyltrimetoxysilane, gamma-glycidoxy propyltriethoxysilane, gamma-glycidoxy 
propyl tripropoxy silane, gamma-glycidoxy pro PIRUTORI butoxysilane, gamma-glycidoxy 
propyl triphenoxysilane, alpha-glycidoxybutyl trimethoxysilane, alpha-glycidoxybutyl 
triethoxysilane, beta-glycidoxybutyl trimethoxysilane, beta-glycidoxybutyl triethoxysilane, 
gamma-glycidoxybutyl trimethoxysilane, gamma-glycidoxybutyl triethoxysilane, (3,4- 
epoxycyclohexyl) Methyl trimetoxysilane, methyl (3,4-epoxycyclohexyl) triethoxysilane, 
beta-(3, 4-epoxycyclohexyl) methyl trimetoxysilane, beta-(3,4-epoxycyclohexyl) methyl 
triethoxysilane, beta-(3,4-epoxycyclohexyl) methyl tripropoxy silane, beta-(3,4- 
epoxycyclohexyl) MECHIRUTORI butoxysilane, beta-(3,4-epoxycyc!ohexyl) methyl 
triphenoxysilane, gamma-(3, 4-epoxycyciohexyI) propyltrimethoxysilane, gamma-(3,4- 
epoxycyclohexyl) propyl triethoxysilane is preferred. The above-mentioned organic silicon 
compound may be used independently, and may use two or more sorts together. 
[0021]n As a dialkoxy silane, a diphenoxysilane dialkoxy silane, and a diphenoxysilane, 
Dimethyldimethoxysilane, dimethyl diethoxysilane, dimethyl triacetoxysilane, Dimethyldi 
butoxysilane, a diethyldiacetoxysilane, diethyl dibutoxysilane, Diethyldiethoxysilane, 
diphenyldimethoxysilane, gamma-metacryloxy propyl dimethoxysilane, gamma-aminopropyl 
diethoxysilane, gamma-metacryloxy propyl dimethoxysilane, alpha-glycidoxy methyl 
dimethoxysilane, alpha-glycidoxy methyldiethoxysilane, alpha-glycidoxy ethyl 
dimethoxysilane, alpha-glycidoxy ethyl diethoxysilane, beta-glycidoxy ethyl 
dimethoxysilane, beta-glycidoxy ethyl diethoxysilane, alpha-glycidoxy propyl 
dimethoxysilane, alpha-glycidoxy propyl diethoxysilane, beta-glycidoxy propyl 
dimethoxysilane, beta-glycidoxy propyl diethoxysilane, gamma- 

glycidoxypropyldimethoxysilane, gamma-glycidoxy propyl diethoxysilane, gamma-glycidoxy 
propyldipropoxysilane, gamma-glycidoxy propyl JIPUTOKISHI silane, gamma-glycidoxy 
propyldiphenoxysilane, alpha-glycidoxybutyl dimethoxysilane, alpha-glycidoxybutyl 
diethoxysilane, beta-glycidoxybutyl dimethoxysilane, beta-glycidoxybutyl diethoxysilane, 
gamma-glycidoxybutyl diethoxysilane, gamma-glycidoxybutyl diethoxysilane, alpha-(3, 4- 
epoxycyclohexyl) methyl dimethoxysilane, alpha-(3, 4-epoxycyclohexyl) 
methyldiethoxysilane, beta-(3, 4-epoxycyclohexyl) methyl dimethoxysilane, beta-(3, 4- 
epoxycyclohexyl) methyldiethoxysilane, beta-(3, 4-epoxycyclohexyl) methyldi 
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propoxysilane, beta-(3, 4-epoxycyclohexyl) methyldi butoxysilane, beta-(3,4- 
epoxycyclohexyl) methyldi phenoxysilane, gamma-(3, 4-epoxycyclohexyl) propyl 
dimethoxysilane, gamma-(3, 4-epoxycyclohexyl) propyl diethoxysilane, etc. are preferred. 
The above-mentioned organic silicon compound may be used independently, and may use 
two or more sorts together. 

[0022]As for an organic silicon compound, it is preferred to use it, after making it hydrolyze, 
in order to lower curing temperature and to advance hardening more. As for hydrolysis, it is 
preferred to carry out by adding and agitating aqueous acids, such as pure water or 
chloride, acetic acid, and sulfuric acid, to an organic silicon compound. It is preferred that 
an alkoxy group and more than equimolar add the pure water or aqueous acids below a 3 
time mol when hydrolyzing. A non-solvent may perform hydrolysis, and a solvent may be 
used in order to hydrolyze still more uniformly. When using a solvent, it is preferred to 
hydrolyze, after mixing an organic silicon compound with a solvent. It is also possible to use 
alcohol after hydrolysis, etc. according to the purpose, carrying out adequate amount 
removal under heating and/or decompression, and to add and use another solvent after 
removal. As these solvents, alcohol, ether, ketone, ester, aromatic hydrocarbon, etc. are 
mentioned. These solvents may be used as two or more sorts of mixed solvents if needed. 
It may hydrolyze under heating beyond a room temperature in order to promote a hydrolysis 
reaction and to advance reactions, such as preliminary condensation, if needed, and in 
order to control preliminary condensation conversely, it may carry out by cooling below a 
room temperature. 

[0023](a-2) As ultraviolet-curing-resin ultraviolet curing resin, photosensitive silicone is 
preferred. For example, "UVHCl 10X" by Toshiba Silicone, "UVHC8558", etc. can be 
mentioned. 

[0024](b) It is preferred to raise further the surface hardness of the thin film which consists 
of a metal oxide particle organic silicon compound or photosensitive silicone, and to add 
various metal oxide particles to a hard court constituent solution for improvement in 
antistatic property, the improvement in a refractive index of a hardening layer, and the 
purpose of the superiors for weatherability. As a metal oxide particle, Si0 2 , Zr0 2 , The colloid 

particles of metallic oxides, such as A1 2 0 3 , WO s , ZnO, Ti0 2 , Sn0 2 , BeO, Sb 2 0 3 , Sb 2 0 5 , 

Ta o 0, Y o 0 o , and Yb o 0 o , are preferred. More preferably Methanol distribution colloidal silica, 

ethanol distribution colloidal silica, isopropyl alcohol distribution colloidal silica, butanol 
distribution colloidal silica, and other alcohol content powder titanias — sol and alcohol 
content powder antimony - a kind out of sol etc. - or two or more sorts are chosen. In 
particular, for the improvement in surface hardness, colloidal silica is preferred. Colloidal 
silica has a silica particle with a particle diameter of 1-100 nm and the preferred thing which 
made alcohol etc. distribute a silica particle with a particle diameter of 1-50 nm more 
preferably. If in charge of selection, thin film physical properties, such as a target refractive 
index and hardness, affinity with an organic silicon compound, etc. are taken into 
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consideration. 

[0025]As for a metal oxide particle, it is preferred to carry out 1-500 weight-section addition 
by solid content to oxide conversion solid content 100 weight section of an organic silicon 
compound or its hydrolyzate, and it is more preferred to carry out 100-400 weight-section 
addition. 

[0026](c) After applying a hard court constituent solution to a lens substrate in hardening of 
a hardening agent hard court constituent solution, it can attain by performing desiccation 
and/or heating, UV irradiation, etc., but various hardening agents can be used together in 
order to make possible promotion of hardening, and cold cure. 

[0027]As a hardening agent, it is usable in various epoxy resin hardeners or various organic 
silicone resin hardening agents. Specifically, a various kinds of organic acid and those acid 
anhydride, nitrogen content organic compound, various metal chelate compound, and metal 
alkoxide, the organic-carboxylic-acid salt of an alkaline metal, carbonate of an alkaline 
metal, etc. are mentioned, it is metal chelate compound more preferably. For example, it is 
preferred a kind or that two or more sorts are chosen from aluminum acetylacetonate, 
aluminum bis ethyl acetonate, aluminum di-n-butoxide monoethyl acetonate, etc. These are 
selected in consideration of conditions, such as hardness of not only hardening 
performance but the formed thin film, and a rate of the absorption of light. 
[0028]As for a hardening agent, it is preferred to carry out 0.01-10 weight-section addition 
to oxide conversion solid content 100 weight section of an organic silicon compound or its 
hydrolyzate. It is 0.1 to 5 weight section more preferably. 

[0029]The above (a) In addition to - (c), addition of an ultraviolet ray absorbent, an 
antioxidant, etc. is also possible. 

[0030]As for a hard court constituent solution, it is preferred to use what was diluted with 
solvents, such as alcohol, so that the sum total of above-mentioned (a) - (c) may be 0.1 to 
60% of the weight with oxide conversion solids concentration. As a solvent, isopropyl 
alcohol, n-butyl alcohol, etc. are preferred. 

[0031](2) The coating method of a method-for-forming-thin-film hard court constituent 
solution can be suitably chosen from publicly known methods, such as a spin coat method, 
a dip coating method, and a spray method. It excels in the controllability of thickness 
dramatically, the thickness control in a submicron order is possible, and the spin coat 
method which can form a thin film only in one side [ further ] is preferred. Before applying a 
hard court constituent solution, washing processing by the physical processing by acid, 
alkali, the chemical treatment by various organic solvents, plasma, ultraviolet rays, etc. and 
various detergents, washing processing by an ultrasonic cleaner, etc. may be carried out to 
a lens base material surface. 

[0032]ln the case of a spin coat method, it is preferred to be dropped at the lens surface 
which cut the hard court constituent solution, to gather revolving speed to 500-3000 rpm, 
and to hold it for 1 to 30 seconds in 0.5 to 20 seconds. 

[0033]lf revolving speed is less than 500 rpm, thickness will become thick too much, and 
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also since the drying time of a thin film becomes long, it is not desirable. Or if it is more than 
3000 rpm, since thickness becomes thin too much, the slot of the length eye by cutting 
cannot be filled thoroughly but thickness distribution becomes large, it is not desirable. In 
Description of this application, "thickness distribution" is the standard deviation computed 
using the measured value by a spectrophotometer. 

[0034]As solids concentration of a hard court constituent solution, it is 0.1 to 60 % of the 
weight in oxide conversion, and since it becomes the thing excellent in the intensity and 
endurance of a thin film to use the solution adjusted to 0.1 - 500 Pa-s, the viscosity of liquid 
is preferred. Since dispersion in thickness distribution not only increases, but the defect of a 
film piece etc. will be produced when the amount of supply or revolving speed of a solution 
is changed if the oxide conversion solids concentration of a hard court constituent solution 
is less than 0.1 % of the weight, the target thickness may not be obtained. On the other 
hand, if it exceeds 60 % of the weight, while becoming easy to generate a crack in a thin 
film after calcination, it becomes difficult to obtain a firm thin film. It is 0.5 to 50 % of the 
weight more preferably. Viscosity was made into 0.1 - 500 Pa-s because thickness 
distribution equalization of a thin film became easy. It is 1 - 200 Pa-s more preferably. 
[0035]On the other hand, a dip method is easy to operate and it is excellent in the 
controllability of thickness. However, a thin film is always formed in both sides of a lens 
substrate. As for operation, in 15-25 ** and 20 to 40%RH, it is preferred to soak the cut lens 
in hard court liquid, and to pull up by 10 - 500 mm/min. Since thickness distribution will 
become large if it is less than 10 mm/min, it is not desirable. Since 500 mm/min super-** 
and thickness become thin too much, it is not desirable. 
[0036]When, as for the viscosity of 0.1 to 60 % of the weight, and liquid, solids 
concentration uses the hard court constituent solution adjusted to 0.1 - 500 Pa-s at oxide 
conversion, the improvement effect of surface roughness is large, and since thickness 
distribution can be equalized, it is desirable. 

[0037](3) When the organic silicon compounds shown by general formula (I) and those 
hydrolyzates are used as curing method material resin, it is preferred to stiffen a hard court 
constituent solution at 80-150 ** after applying to a lens substrate with an above-mentioned 
spin coat method or dip method for 1 to 3 hours. It is made to harden at 90-120 ** more 
preferably for 1 to 2 hours. As for cooking temperature, it is preferred to decide in 
consideration of the hardening performance of a thin film, hardness, the heat deflection 
temperature of a substrate, etc. 

[0038]When ultraviolet curing resin is used as material resin, it can be made to harden after 
applying a hard court constituent solution using a high-pressure mercury lamp. 
[0039](B) the method (1) material made to vapor-deposit in a vacuum - an inorganic 
substance with high hardness is intrinsically preferred, and especially the oxide of metal or 
semimetal is preferred. When a substrate is a plastic, the maximum of evaporation 
temperature has restrictions and the deposition material which can be used is also 
restricted naturally, but. A1 2 0 3 , Y 2 0 3 , Yb 2 0 3 , It is usable in Ta 2 0, Zr0 2 , SiO, Si0 2 , and Si0 2 - 
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A1 2 0 3 , Si0 2 -Y 2 0 3 , Si0 2 ~Yb 2 0 3 , Ti0 2 -Si0 2 , etc. 

[0040](2) It is preferred to carry out using the method-for-forming-thin-film above-mentioned 
inorganic substance with a vacuum deposition method, the ion plating method, sputtering 
process, ion beam assist method, etc. From a point of a surface roughness improvement 
effect, a vacuum deposition method and the ion plating method are more preferred. 
Washing processing by the physical processing by acid, alkali, the chemical treatment by 
various organic solvents, plasma, ultraviolet rays, etc. and various detergents, washing 
processing by an ultrasonic cleaner, etc. may be carried out to a lens base material surface 
before thin film forming. 

[0041]ln the case of a vacuum deposition method, it carries out by exhausting the inside of 
a vacuum chamber, heating and evaporating deposition materials, such as Si0 2 , with an 

electron beam gun as a high vacuum of 1 - 5x1Cf 5 torr, and making this evaporation particle 
adhere to the substrate face of a plastic lens. As for a deposition material, when a substrate 
is a plastic member, since heat deflection temperature is low as compared with 80-200 ** 
and a glass material, what low temperature evaporation can also produce is preferred. 
[0042]ln the case of the ion plating method, it is preferred to install and exhaust a lens 
substrate to the negative pole in a vacuum evaporator, and to set a degree of vacuum to 1 - 

5x10~ 5 torr. It is preferred to irradiate with the ion beam of argon for 1 to 5 minutes under 
said atmosphere using an ion gun on the accelerating voltage 10-1000V and the conditions 
of 1-500 mA of accelerating current. 

[0043]As for both the temperature of a microheater and a halogen heater, it is preferred to 
set it as 50-100 **. It is preferred to use Si0 2 etc. as the anode, to carry out the seal of 

approval of the direct current voltage, supervising thickness using an optical thickness 
gage, to make glow discharge cause under argon, and to make plasma form. Evaporation 
particles, such as Si0 2 , collide with the argon gas ion within plasma, are ionized, and 

adhere on a lens substrate. 

[0044]lt is also possible to form an antireflection film further on a thin film using the above- 
mentioned (B) method after the thin film forming by spreading described by (A). 
[0045] 

[Example]AIthough the following working example explains this invention still in detail, this 
invention is not limited to this example. 

[0046]The convex shape polymethylmethacrylate lens with a production calibers of 40 mm 
of the working example 1 (1) aspheric surface lens was cut with the ultraprecise engine 
lathe, and was processed into the aspheric surface lens (it is called the refractive index 1.49 
and a following PMMA aspheric surface lens). Maximum height P-V of this PMMA aspheric 
surface lens was 0.05 micrometer. 

(2) 10 ml of 0.01 N chloride was dropped at preparation gamma-glycidoxy trimethoxysilane 
50 weight section (20 % of the weight of oxide conversion solids concentration) of the hard 

http://www4ipdl.mpft ^ . . 8/1 6/20 1 0 



JP 5 2002-182011 5 A [DETAILED DESCRIPTION] 



Page 9 of 11 



court constituent solution over 60 minutes at 15 **, and the end methoxy group was 
hydrolyzed. At a room temperature, after 10-hour ****, isopropyl alcohol 60 weight section, 
n-butyl alcohol 60 weight section, Silicon system surface-active agent 1.25 weight section, 
isopropyl alcohol distribution colloidal silica 200 weight section (20 % of the weight of solids 
concentration) Aluminum acetylacetonate 0.25 weight section was added as the mean 
particle diameter of 15 nm, and a hardening agent, it ****(ed) at the room temperature for 5 
hours, and also neglect aging was carried out at the room temperature one whole day and 
night, and the hard court constituent solution was prepared. Oxide conversion solids 
concentration was 1 3 % of the weight, and viscosity was 50 Pa-s. 

(3) The formation above-mentioned PMMA aspheric surface lens of a thin film is washed by 
ultrasonic cleaning, The prepared hard court constituent solution was stiffened at 90 ** after 
spreading for 2 hours with the spin coat method (5 ml of hard court constituent solutions are 
dropped, and in 20 seconds, revolving speed is gathered to 1000 rpm and held for 10 
seconds). As for the standard deviation of 0.8 micrometer and thickness, 0.02 micrometer 
and the refractive index of 0.002 micrometer and maximum height P-V were [ average 
thickness of the formed thin film ] 1 .49. The profile of P-V is shown in drawing 1 . 
[0047] Production of a working example 2 PMMA aspheric surface lens and preparation of a 
hard court constituent solution were performed like working example 1. The obtained 
PMMA aspheric surface lens was washed by ultrasonic cleaning, and was immersed in the 
created hard court constituent solution in 23 *730%RH, and it pulled up and applied by 100 
mm/min, and was made to harden at 90 ** for 2 hours. As for the standard deviation of 0.8 
micrometer and thickness, 0.02 micrometer and the refractive index of 0.002 micrometer 
and maximum height P-V were [ average thickness of the formed thin film ] 1.49. The profile 
of P-V is shown in drawing 2 . 

[0048]The PMMA aspheric surface lens produced like working example 3 working example 
1 (1) was washed by ultrasonic cleaning, and the Si0 2 thin film was formed with the vacuum 

deposition method. As for the standard deviation of 1 micrometer and thickness, 0.04 
micrometer and the refractive index of 0.009 micrometer and maximum height P-V were 
[ average thickness of the formed thin film ] 1 .45. The profile of P-V is shown in drawing 3 . 
[0049]The PMMA aspheric surface lens produced like working example 4 working example 
1 (1) was washed by ultrasonic cleaning, and the Si0 2 thin film was formed by the ion 

plating method. As for the standard deviation of 1 micrometer and thickness, 0.04 
micrometer and the refractive index of 0.009 micrometer and maximum height P-V were 
[ average thickness of the formed thin film ] 1 .45. The profile of P-V is shown in drawing 4 . 
[0050] Isopropyl alcohol 60 weight section and n-butyl alcohol 60 weight section were added 
to preparation "UVHC110X" (made by Toshiba Silicone)100 weight section of the working 
example 5 (1) hard court liquid composition solution, and the hard court constituent solution 
was prepared. The viscosity of this solution was 70 Pa-s. 

The PMMA aspheric surface lens produced like formation working example 1 of a thin film 
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by ultrasonic cleaning (2) After washing, The above-mentioned hard court constituent 
solution was applied with the spin coat method (5 ml of hard court constituent solutions are 
dropped, and in 20 seconds, revolving speed is gathered to 1500 rpm and held for 5 
seconds), and it was made to harden for 1 minute using the high-pressure mercury lamp of 
250W. As for the standard deviation of 0.8 micrometer and thickness, 0.02 micrometer and 
the refractive index of 0.006 micrometer and maximum height P-V were [ average thickness 
of the formed thin film ] 1 .52. The profile of P-V is shown in drawing 5 . 
[0051]lsopropyl alcohol 60 weight section and n-butyl alcohol 60 weight section were added 
to preparation "UVHC8558" (made by Toshiba Silicone) 100 weight section of the working 
example 6 (1) hard court liquid composition solution, and the hard court constituent solution 
was prepared. The viscosity of this solution was 70 Pa-s. 

The PMMA aspheric surface lens produced like formation working example 1 of a thin film 
by ultrasonic cleaning (2) After washing, The above-mentioned hard court constituent 
solution was applied with the spin coat method (5 ml of hard court constituent solutions are 
dropped, and in 20 seconds, revolving speed is gathered to 1500 rpm and held for 5 
seconds), and it was made to harden for 30 seconds using the high-pressure mercury lamp 
of 250W. As for the standard deviation of 0.8 micrometer and thickness, 0.02 micrometer 
and the refractive index of 0.005 micrometer and maximum height P-V were [ average 
thickness of the formed thin film ] 1 .51 . The profile of P-V is shown in drawing 6 . 
[0052]On working example 7 spin-coat conditions, in 10 seconds, gathered revolving speed 
to 2400 rpm, and it was held for 30 seconds, and also it carried out like working example 1. 
As for the standard deviation of 0.3 micrometer and thickness, 0.02 micrometer and the 
refractive index of 0.01 micrometer and maximum height P-V were [ average thickness of 
the formed thin film ] 1 .51 . The profile of P-V is shown in drawing 7 . 
[0053]The hard court constituent solution whose oxide conversion solids concentration is 
15 % of the weight and whose viscosity is 70 Pa-s as a result of making the addition of 
working example 8 isopropyl-alcohol distribution colloidal silica (solids concentration of 30 
% of the weight, mean particle diameter of 15 nm) into 100 weight sections was used, and 
also it carried out like working example 1 . As for the standard deviation of 1 .2 micrometers 
and thickness, 0.008 micrometer and the refractive index of 0.004 micrometer and 
maximum height P-V were [ average thickness of the formed thin film ] 1 .50. The profile of 
P-V is shown in drawing 8 . 

[0054]lt turns out that surface roughness is improved by 0.04 micrometer or less, and the 
lens of working example 1-8 manufactured by the method of this invention has the 
outstanding surface smoothness. 
[0055] 

[Effect of the lnvention]By this invention, the lens surface by cutting is improvable even to 
the surface roughness which may be adapted for the uses the lens surface of a high- 
definition optical application, for example, for single lens reflex camera interchangeable 
lenses etc., enough. It is the complicated shape realized in neither shaping nor polish, and 
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the high lens of surface smoothness can be produced. 
[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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[Translation done.] 
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